Heavy metal pollution is one of the most serious environmental problems, which undermines global sustainability. This review presents a recent advance in electrochemical sensors for heavy metal detection microfluidic chips are discussed. urthermore, nanoparticle-modified electrodes microelectrode (or nanoelectrode) arrays and microfluidic electrochemical sensors are summarized.
INTRODUCTION
Heavy-metal pollution poses severe threat to ecological systems and presents a great challenge for global sustainability [1] . Heavy metals are the main elements to lead to water pollution which will produce serious disaster to human beings [2] . With the enlargement of cities and development of 1ndustrialization, life sewage and industry waste water are drained into water environment. Heavy metal entering into water environment are severely endangering human health through drinking water, bioconcentration and food chain etc. [3] . In recent years, electrochemical sensor gets people's attention in the field of environmental monitoring and detection of heavy metals. It has many advantages, such as simple equipment, easy operation, high sensitivity, on-site test and online analysis [4] .
ELECTROCHEMICAL SENSOR FOR HEAVY METAL
The tow distribution in the working space of TLFC was simulated using the finite element method (FEM) and the shape and confuguration of electrodes were optimized accordingly [5] . This TLFC-FFSSE based system showed an were optimized accordingly [5] . This TLFC-FFSSE based system showed an attractive stripping voltammetric performance compared to a traditional ASV based method. A linear range for detection of Pb2+was found to be 0.5−100 μg L-1 (0.5 to 100 ppb) and a detection limit of 0.2 μg L-1 (0.2 ppb) was achieved in the presence of bismuth as codeposition metal [1] .A novel nanomaterial/ionophore-modied glassy carbon electrode for anodic stripping analysis of lead (Pb2+) is described. [6] In this work, all three electrodes in an electrochemical cell were fabricated based on carbon nanotube (CNT) thread [7] .Hg2+ , Cu2+ , and Pb2+ were used as a representative system for this study. The calculated detection limits (based on the method) with a 120 s deposition time are 1.05, 0.53, and 0.57 nmol L-1 for Hg2+ , Cu2+ , and Pb2+ , respectively [7] . This work demonstrates determination of lead (Pb) in surface water samples using a low-cost copper (Cu)-based electrochemical sensor [8] .Our copper-based sensor features a low-cost electrode material-copper-that offers simple fabrication and competitive performance in electrochemical detection [8] .An ionic liquidn-octylpyridinium hexafluorophosphate (OPFP) modified carbon paste electrode was developed [9] .The linear range of the bismuthfilm electrode was from 1.0 μg L-1 to 100.0 μg L-1 for both metal ions with a deposition time of 120 s and a deposition potential of -1.2 V in pH 4.5 acetate buffer solution [9] .The electrode was also applied to determine cadmium and lead in soil sample extracts [9] . Electrochemistry offers a simple approach to metal detection on the microscale, but traditional carbon, gold (Au), or platinum (Pt) electrodes are difficult or expensive to micro-fabricate, preventing widespread use [10] .Anodic stripping voltammetry of zinc using our new copper-based sensors exhibited a 140 nM (9.0 ppb) limit of detection(calculated) and sensitivity greater than 1 μA μM-1 in the acetate buffer. [10] Herein, a highly sensitive, robust, and low-cost microfluidic electrochemical carbon-based sensor (μCS) for detection of trace heavy metals is presented [9] .Detection limits down to 1.2 μg L-1 for Cd2+ and 1.8 μg L-1 for Pb2+ can be achieved over the μCS [9] . Derivative stripping chronopotentiometry has been used as an accurate, sensitive, and rapid technique for the determination of Cd, Cu, Mn, Ni, Pb, Zn, and Se in hydrochloric acid extracts of CEO; in the optimized electrochemical conditions, detection limits of<1 µg kg-1 were obtained for all of the studied metals [11] .The obtained results provided evidence that Mn was the most abundant metal in all of the studied CEO followed by Zn, Ni, Cu, Pb, and Se; Cd concentrations were always lower than the limit of detection (0.6 µg kg-1) Here [11] ,we report on a simple, inexpensive technology with the potential to render toxic metals detection accessible for both the developing and developed world that combines colorimetric and electrochemical microfluidic paper-based analytical devices (mPAD) in a three-dimensional configuration [11] . Detection limits as low as 0.12 μg (Cr) were achieved on the colorimetric layer while detection limits as low as 0.25 ng (Cd and Pb) were achieved on the electrochemical layer [12] .It is verified that the exfoliated ZrP shows the strongest adsorption capability toward Pb(II) among all heavy metal ions, thereby resulting in selective detection consequently [13] . Octahedral Fe3O4 nanocrystals show better electrochemical sensing performances toward the investigated heavy metal ions such as Zn(II), Cd(II), Pb(II), Cu(II), and Hg(II), in comparison with cubic ones [13] . Finally, as a trial tofind a disposable platform completely free from noble metals, the potential application of the Fe3O4 nanocrystals for electrochemical detection of As(III) in drinking water is demonstrated [13] .Using self-assembly polystyrene microspheres monolayer template and pulse electrodeposition method, we assembled a twodimensional silica/gold spherical cavity microelectrode array, and used square wave pulse voltammetry method to test its performance [14] .The ability of the array to resist interference of Cu(II) is stronger [15] .Nanosized hydroxyapatite (NHAP) with width of 20-25 nm and length of 50-100 nm has been prepared and used to improve the sensitivity for detection of Pb2+because it provides unique three-dimensional network structure and has strong adsorp-tion ability toward Pb2+ [16] .Nafion, a cation-exchange polymer, is employed as the conductive matrix in which NHAP and the ionophore can be tightly attached to the electrode surface [16] .The electrode has a linear range of 5.0 nmol to 0.8 µmol with a 10 min accumulation time at opencircuit potential [16] .A novel voltammetric method was developed for the determination of trace lead(II) in real samples by squarewave anodic stripping voltammetry at a poly(4-vinylpyridine)/ mercury film electrode (PVP/MFE) [17] .The main advantages of the method are good resistance to interferences, easy detection without deoxygenating, and excellent electrode renewal [17] .Two methods of modification were used: electrochemical reduction of HAuCl4 and electrostatic adsorption of Au NPs stabilized by citrate [18] . These and further experiments led us to conclude that the Au NPs served as nucleation sites for the deposition of Hg, whereas the GC or ITO are superior for the stripping of mercury [18] .Indeed, we achieved a remarkable detection limit of 1 μm·L−1 of Hg using an ITO surface modified by electrostatically adsorbed Au NPs [18] .A nano-Fe203 modified glassy carbon electrode(Fe203 ／ GCE)Was fabricated and the stripping voltammetry behavior of cadmium ion on this modified electrode Was studied [19] .Under the optimum conditions(pH value:6.0, accumulation potential:-1.0 V), the current response of cadmium ion increased linearly with concentration of cadmium ion in the ranges of 6．0×10-10-1.0×10-8 mol L−1 and 1.0×10-8-1.0×10-5mol L−1,With a detection limit of 1.0×10-10 mol L−1 at Ultratrace levels of Hg2+ have been quantified by undertaking linear sweep voltammetry with a silver nanoparticlemodified glassy carbon electrode (AgNP-GCE) in aqueous solutions containing Hg2+ [18, 20] .This facile and reproducible detection method exhibits an excellent linear dynamic range of 100.0 pmol to 10.0 nmol Hg2+ concentration with R2=0.982 [20] . This method is appropriate for routine environmental monitoring and drinking water quality assessment since the guideline value set by the US Environmental Protection Agency (EPA) for inorganic mercury in drinking water is 0.002 mg.L−1(10 nM) [20] An ultrasensitive chronoamperometric method for quantitative determination of trace amounts of lead (down to 20 ppb) in acidic solutions is proposed in this paper [21] .It is found that an inexpensive polycrystalline copper electrode is sensitive enough for analytical detection of lead traces in electrolytes down to 1× 10-8 M. Analytical results obtained by the proposed method in 2 orders of magnitude concentration range are compared to atomic absorption spectroscopy measurements to evaluate and assess the sensitivity of the employed experimental protocol [22] .
CONCLUSIONS
As a monitoring tools, electrochemical sensor has lots of advantages, such as high sensitivity, good stability, low cost, simple operation and so on, which attracts more and more scientific workers attention. It has been widely used in detecting the environmental pollution, life sciences, food and clinical diagnosis, etc [22] .
